Abstract: Salmonellosis is one of the most common food-borne diseases in both humans and animals. The recovery of Salmonella from fecal and environmental samples by bacteriological assays takes several days. Polymerase chain reaction (PCR) has become an important technique for the rapid detection of Salmonella in a variety of samples, including feces. For rapid identification of Salmonella by PCR, 1 mL of enrichment culture was harvested after overnight incubation and DNA was extracted by heat lysis. To investigate the optimal conditions for rapid PCR detection of Salmonella, three different primer sets and three different enrichment media were used on a panel of Salmonella strains and a panel of non-Salmonella strains. The results showed that selenite cysteine enrichment broth and a primer set designed for the invA gene provided the most specific and rapid detection of Salmonella by PCR after the enrichment step.
INTRODUCTION
Salmonella enterica subspecies enterica comprises over 2,500 known serovars with different host ranges. It is one of the major zoonotic pathogens causing gastroenteritis in humans and animals [2, 5] . A high prevalence of salmonellosis is seen in production animals, and products of animal origin such as milk, eggs, and meat are frequently implicated in human salmonellosis. It has been estimated that the medical cost associated with Salmonella infection in the United States is 365 million dollars per year [13] . Salmonellosis is one of the most important public health concerns in many other countries as well [10] .
Isolation and identification of Salmonella species using conventional methods takes approximately 5 days. Therefore, it is necessary to develop rapid and sensitive methods for the identification of Salmonella from a variety of samples [18] . Several techniques that improve the detection of Salmonella, such as DNA hybridization, fluorescent antibody techniques and enzyme-linked immunosorbent assays (ELISA), have been developed [4, 14] . However, insufficient sensitivity and specificity have limited their routine application. Polymerase chain reaction (PCR)-based methods have been more effective in detecting pathogenic microorganisms because of high speed, sensitivity, and specificity [8, 11] . The great advantage of PCR is that it can be applied to mixed microbial specimens without prior isolation of individual species of bacteria.
Generally, an enrichment step is necessary for the isolation of Salmonella [12] . The enrichment media permits the growth of Salmonella while inhibiting the growth of contaminating bacteria. However, some selective enrichment media also inhibit the growth of injured and stressed salmonellae [15] . Moreover, it has been argued that enrichment media such as Rappaport-Vassiliadis (RV) and tetrathionate broths (TET), inhibit the detection of Salmonella by PCR because of the presence of bile salts and MgCl 2 [17] .
In this paper, we describe the development of a rapid, sensitive, and specific method for detecting Salmonella after the enrichment step. An optimal primer set and an optimal enrichment medium were selected for rapid Salmonella detection by PCR.
MATERIALS AND METHODS

Bacterial strains
Eight standard Salmonella strains and 2 Salmonella isolates were used in this study (Table 1) . Eight non-Salmonella strains were used: Escherichia coli, Bordetella bronchiseptica, Bordetella pertussis, a Klebsiella isolate, a Proteus isolate, Pasteurella multocida, Shigella flexneri and Staphylococcus aureus. All strains originated from our own laboratory. The strains were inoculated into 10 mL of each type of enrichment broth, as described below, and incubated overnight at 37 .
Incubation in enrichment media and preparation of template DNA
Three types of enrichment media were used: RappaportVassiliadis broth (RV, Difco, USA), tetrathionate broth containing 2% iodine (TTI, Difco), and selenite cysteine broth (SC, Difco). Luria-Bertani broth (LB, Difco) was used as a control medium. All bacteria were inoculated into 10 ml of each of the enrichment broths and in the LB broth. The broth was incubated overnight at 37 . One milliliter of each culture was transferred into a microcentrifuge tube and centrifuged at room temperature for 2 min at 12,000 ×g. The supernatant was removed and the pellet was resuspended in 500 μL of sterile phosphate-buffered saline (PBS) and centrifuged the same speed for the same time. The washing step was repeated once. After the supernatant was removed, the pellet was resuspended in 100 μL of sterile double-distilled water (DDW) and boiled for 5 min.
Immediately after boiling, the tubes were cooled in ice water. After centrifugation at 12,000 ×g at 4 for 2 min, the supernatant was collected and used as the PCR template.
PCR amplification
The PCR mixture consisted of 10× PCR buffer (Promega, USA), 1.5 mM MgCl2 (Promega), 0.2 mM dNTPs, 20 pmole primer pairs, 1 U Taq DNA polymerase (Promega) and 5 μL of template DNA. DDW was added to make a total volume of 50 μL. Primer pairs used for the amplification are shown in Table 2 . The primers were designed on the basis of previously published methods [1, 6, 9] . The amplifications were performed in a programmed thermal cycler (PTC-100, MJ Research, USA) under different conditions for each individual primer pair ( Table 2 ). The PCR products were electrophoresed in a 1.8% agarose gel for 2 h at 100 V in Tris-borate-EDTA (TBE) buffer. The gels were stained with 0.5 μg/mL ethidium bromide solution and visualized by a UV transilluminator (Bioscience, Korea).
RESULTS AND DISCUSSION
Salmonellosis in production animals is an important public health concern and highlights the need for a reliable and rapid detection method for Salmonella. Isolation of Salmonella is the definitive step in the identification process of Salmonella species. This process is time-consuming and takes approximately 5 days. Enrichment procedures for Salmonella are often used to increase number of salmonellae in contaminated samples and to increase the chance of isolation. Traditionally, PCR has been used to confirm bacterial species following isolation. However, in this study, we evaluated whether PCR could be used after the enrichment step for rapid identification of Salmonella.
To investigate the optimal PCR conditions for detecting Salmonella, three different primer pairs and three different enrichment media were selected on the basis of the results of previous publications. Amplification of a specific target gene fragment from the Salmonella chromosomal DNA can be affected by DNA extraction techniques; therefore, three rounds of experiments were performed to confirm reproducibility. Eight standard Salmonella strains and 2 Salmonella isolates were analyzed by incubation and PCR (Table 3) . The RS primer, based on an S. weltevreden repeat sequence, has not been characterized yet. Using this primer pair, a 199-bp DNA fragment was amplified from Salmonella with no cross-reactivity with non-Salmonella genera. According to our results, however, the RS primer pair also produced a 199-bp DNA fragment using a non-Salmonella genus template (Fig. 2) . With the IroB primer pair, a 606-bp DNA fragment could be amplified from all Salmonella serovars. This primer was highly specific with no cross-reactivity with the non-Salmonella strains. In addition, the InvA primer pair, derived from the Salmonella invasion gene, amplified a 521-bp DNA fragment from all Salmonella serovars. The fragment was not amplified in the non-Salmonella strains (data not shown). Three types of enrichment media were used in this study. Detection of Salmonella after overnight incubation in TTI broth was only 76.7% (23 of 30) when using all three primer sets. This result correlates with those published in a previous report, which showed that TTI broth was inhibitory to S. choleraesuis and other Salmonella spp. [7] . This may have been due to a low cell count of S. choleraesuis and the reproducible initial decrease following inoculation in this medium. The rate of detection of Salmonella in RV and SC enrichment broths was 97.7% (29 of 30) and 100% (30 of 30), respectively.
The results indicate that incubation in SC enrichment broth and the primer set for the invA gene are optimal for rapid and reliable PCR detection of Salmonella after the enrichment step.
